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REQUEST FOR RECONSIDERATION 


The specification and claims in this continuation application have been written to 
incorporate the changes made in the parent application, to address the rejections made in the 
last Office Action in the parent application, and to further highlight and more clearly point out 
the important features of the invention. 

Claims 1-23 have been rejected in the parent application as being obvious over Czamek 
in view of Hayes. 

Applicant has reviewed both Czamek and Hayes, and finds the present invention to set 
forth a combination of features which is unique and non-obvious in view of Czamek and Hayes. 

In the present invention, the light is emitted fi-om the head 2 at an axial or longitudinal 
position that is the same as the axial portion of the prism or mirror 9. This relative positioning 
of the light and the prism is shown in Figure 2 of the present application. The light is emitted 


from light exits 15, 16 and the axial direction is vertical in Figure 2. Applicant does not find any 
teaching or suggestion of this position relationship between a light and a reflector in the prior 
art. The rejection equates elements 44 and 3 1 of Czamek with the illuminating device of the 
present invention. Applicant notes that element 3 1 in Czamek is clearly axially spaced from 
element 27 which the rejection equates with the deviation device of the present invention. 
Therefore the relationship of the illuminating device being a t the same axial or longitudinal 
position as the deviating device, is not taught by Czamek. 

Furthermore Applicant notes that Czamek describes two mirrors 27 and 28 and 
specifically shows a prism 3 1 to project light through illuminating window 16. Element 3 1 is 
specifically taught as being positioned between mirrors 27 and 28. Applicant notes that if the 
primary and main purpose of Czamek is to provide two observation windows, there would be 
no incenti ve in the prior art which would lead aj)erson of ordinary s kill in the art to move 
element 3 1 to a sa me axial or longitudinal position as mirror 27. Such a positioning of element 
31 would be disadvantageous in Czamek, and therefore Czamek would lead a person of 
ordinary skill away from such a relative position between an image illuminating device and an 
image deviating device. 

The reference of Hayes also does not teach nor suggest Applicant's relative positioning 
of an image deviating device and an illuminating device. Applicant notes that Hayes describes 
a light source including a housing 12 and bulb 1 2A. Hayes also describes a prism 14. It is quite 
clear from Figures 2 and 3 of Hayes, that light source 12 and lightbulb 12A are not positioned 
at a same longitudinal or axial position. Therefore the positioning of the illuminating device and 


the deviating device being at the same axial position is also not taught in Hayes. Furthermore 
Applicant finds no incentive which would lead a person of ordinary skill in the art to place the 
illuminating source 12 or the lightbulb 12A of Hayes at f a same axial or longitudinal position . 

The combination of Czamek and Hayes therefore fails to describe all the features set 
forth in the independent claims. Furthermore, Applicant finds no incentive in the prior art which 
would lead a person to the relative positioning of the present invention. Therefore the 
combination of the prior art fails to describe all the features, and provide any incentive which 
would lead a person to the features of the present invention. The independent claims therefore 
define over the prior art. 

Applicant notes that claim 22 specifically sets forth that the illuminating device emits 
light at a longit udinal positio n of the image d eviation device. As described above, the prior art 
does not teach nor suggest emitting light and receiving images at a same longitudinal or axial 
position, and therefore claim 22 clearly defines over the prior art. 

Claim 1 sets forth that the light exit is disposed besides the device for image deviation 
at the axially outer end of the lens head. Applicant notes that element 31 in Czarnek is not 
positioned at an axially outer end of a lens head. In fact element 3 1 in Czamek is clearly spaced 
fi-om an end face 15 by mirror 27and image plane 25. Therefore Czamek does not teach the 
relative positioning set forth in claim 1 . With regards to Hayes, elements 12 and 12A are clearly 
not at an axially outer end of a lens head, especially a lens head which includes a device for 
image deviation. Therefore the relative positioning features in claim 1 of the illuminating device 
and the image deviation device are clearly not taught nor suggested in the combination of the 
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prior art. 

Independent claim 20 sets forth that the light exit of the illuminating device is disposed 
circumferentially beside said device for image deviation. In Figure 2 of the present invention, 
the preferred embodiment of the image deviation device is mirror or prism 9. The axial 
direction is vertical in Figure 2, and the circumferential direction in Figure 2 is horizontal or left- 
right. The preferred embodiment of the illuminating device are light exits 15 and 16 in Figure 
2, and these are clearly circumferentially beside the mirror 9. As described above, the prior art 
does not teach such a relative positioning of an illuminating device and an image deviation 
device. Independent claim 20 therefore clearly defines over the combination of the prior art. 

Independent claim 20 sets forth that the exit point of the light is disposed in the area of 
the axially outer end of the lens head. As described above, this is not taught not suggested in 
the prior art, and therefore claim 19 further defines over the prior art. 

Claim 23 sets forth that the unage deviation device is receivable of the external image 
over a longitudinal image distance. In the preferred embodiment, the longitudinal image 
distance is the longitudinal distance between the bottom of prism 9 and the top of prism 9 in 
Figure 2. Claim 23 further sets forth that the illuminating device emits the light at a position 
within the longitudinal image distance. In Figure 2, light exits 1 5 and 16 are clearly within the 
longitudinal image distance which is the top and bottom of prism 9. The prior art clearly does 
not teach nor suggest emitting light at such a longitudinal position, and claim 23 therefore 
further defines over the prior art. 

Claim 24 sets forth that the longitudinal image distance has one longitudinal end at the 
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farthest longitudinal distance of the head. This further emphasizes the feature that the image 
deviation device is positioned at the utmost end of the head. Claim 24 also sets forth that the 
illuminating device emits a light at position adjacent the farthest longitudinal distance. One 
embodiment of this feature is shown in Figure 2, where the light exits 15 and 16 are adjacent 
the bottom edge of the prism 9. This feature is not taught nor suggested in the prior art, and 
claim 24 therefore further defines over the prior art. 

Claim 25 sets forth that the head includes a web longitudinally extending along one side 
of the image deviation device. This web is shown in Figure 2 by either of elements 13 or 14. 
Claim 25 further sets forth that the web extends to, or less then, the farthest longitudinal 
distance. In the embodiment of Figure 2, the web extends to the bottom of prism 9. This is 
beneficial since the web 13 or 14 can then both serve as a support for the prism 9, and as a 
protective element for the bottom edge of prism 9. In some applications, the bottom edge of 
the prism 9 might not need protection, or it may be desirable to get the bottom edge of the 
prism 9 as close to the printed circuit board as possible. In these type of applications, the webs 
do not extend all the way to the bottom of the prism 9. This feature is further not taught nor 
suggested in the prior art, and therefore claim 25 further defines over the prior art. 

Claim 28 sets forth that each of the webs defines an opening for emitting light fi^om the 
illuminating device. Applicant finds no teaching nor suggestion of two separate webs on 
opposite sides of an image deviation device emitting light, and therefore claim 28 further defines 
over the prior art. 

Applicant further notes that the present invention satisfies a long felt need in inspection 
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apparatus, especially with regard to solder connections between an electrical component and 
a board. The present invention is also a tremendous commercial success which further indicates 
that the present invention is not obvious in view of the prior art. With this request for 
reconsideration, Applicant is submitting an Affidavit attesting to the long felt need and 
commercial success. 

The present invention is an improvement in the prior art, since it allows the capturing 
and presenting of an image between the bottom of an electrical component, and the top of the 
circuit board to which it is attached. As the Examiner can appreciate, especially from the 
present application, this gap is very small, less than one millimeter. The prior art of Czamek 
is not designed to capture images from such a location. The structure of Czamek clearly 
prevents the capturing of such an image. The reference of Hayes is also clearly not intended 
to capture an image from a gap under an electrical component. Instead Hayes is concerned with 
viewing connectors which are spaced from the component. The lighting of Hayes would be 
completely inappropriate to viewing underneath an electrical component. If the device of Hayes 
were used, the connections underneath the electrical component would be shadowed and not 
viewable. The present invention is an improvement over the prior art in that it allows the 
capture of an image from the gap underneath an electrical component. Applicant respectfully 
requests protection for this improvement. 

If the examiner has any comments or suggestions which would further favorable 
prosecution of this application, the Examiner is invited to contact Applicant's representative by 
telephone to discuss possible changes. At this time Applicant respectfully requests 
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reconsideration of this application, and based on the above amendments and remarks, 
respectfully solicits allowance of this application. 


Respectfully submitted 
for Applicant, 


By: 



Theobald Dengler 
Registration No. 34,575 
McGLEW AND TUTTLE, P.C. 


% TD:sk 

^.-^ 70179.3 

5 Ends.: AflBdavit 

May 25, 2001 

SCARBOROUGH STATION 
SCARBOROUGH, NEW YORK 10510-0827 
(914) 941-5600 

fH U SHOULD ANY OTHERFEEBEREQUIRED,THEPATENT AND TRADEMARK OFFICE 
H! S I IS HEREBY REQUESTED TO CHARGE SUCH FEE TO OUR DEPOSIT ACCOUNT 13- 
H m 0410. 

P I HEREBY CERTIFY THAT THIS CORRESPONDENCE IS BEING DEPOSITED WITH 
THE UNITED STATES POSTAL SERVICE AS EXPRESS MAIL IN AN ENVELOPE 
ADDRESSED TO: COMMISSIONER OF PATENTS AND TRADEMARKS, 
WASHINGTON, D.C. 20231, NO.: EL151019508US 



DATED: 


McGLEW AND TUTTLE, P.C. 
SCAR^ROUGH STATU 



OROUGH, NY 10510-0827 

DATE: May 25. 2001 
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Attorney Docket No. 70179 « 


Hon. Commissioner of Patents 
and Trademarks 
Washington, D.C. 20231 

Sir: 

1 . This is a request for filing a: 

(X) Continuation Application Under 37 CFR §1.53(b) 

of pending prior application no. 09/394.732 filed on September 13. 1999 for 
APPARATUS AND METHOD FOR THE VISUAL INSPECTION IN 
PARTICULAR OF CONCEALED SOLDERED JOINTS wherein the inventors are: 

Mark CANNON 

Using the enclosed specification o f 26 pages and _28_ claims. 

The entire disclosure of the above mentioned pending prior application, is considered 
to be part of the disclosure of the accompanying application and is hereby incorporated 
by reference therein. 

2. Prior Application Information: Examiner: Pham. H. 

Group/Art Unit: 2877 

3 . JL The filing fee is calculated below: 

CLAIMS AS FILED. LESS ANY CLAIMS CANCELED BY AMENDMENT 
FILED EXTRA RATE FEE 

Total claims 28 8 $18/$9 $72.00 

Independent 4 1 $80/$40 $40.00 

Claims 

Multiple Dependant Claims No 

Basic Filing Fee: $ 355.00 
Total Filing Fee: $ 467.00 
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X. The Commissioner is hereby authorized to charge any fees which may be 
required, or to credit any overpayment to our Deposit Account No. 13-0410. 

2L A check in the amount of $ 467.00 is enclosed. 

Cancel claims 


Amend the specification by inserting before the first line the sentence: 

- This is a Continuation of application Serial No. 09/394,732 filed September 
13, 1999, and the entire disclosure of this prior application is considered to be 
part of the disclosure of the accompanying application and is hereby 
incorporated by reference therein.— 

X Formal drawings are enclosed. 
[Total Sheets: 3] 

X The prior application is assigned to ERSA GmbH as recorded under Reel 
011541 and Frame 0034. Copies of the recorded assignment are enclosed and 
the assignment carry over to the present application. 

X Oath or Declaration [Total Pages:^ ] 

a. Newly Executed (original or copy) 

b. JL. Copy fi-om a prior application (37 C.F.R. § 1 .63(d)) 

X Any Convention priority claimed in the parent application is hereby claimed for 
this application. 

A preliminary amendment is attached. 

X. Small Entity status as claimed in the parent application is still proper and hereby 
claimed for this application, A copy of the Small Entity document fi"om the 
parent application is enclosed. 

ACCOMPANYING APPLICATION PARTS 

English Translation Document 

X Information Disclosure Statement/PTO Form 1449 

Copies of IDS Citations 

X Return Receipt Postcard (MPEP 503) 

Certified Copy of Priority Document 

X Request for Reconsideration 

X Other Affidavit 
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15. X CORRESPONDENCE ADDRESS BELOW: 

McGLEW AND TUTTLE 
John James McGlew 
Scarborough Station 
Scarborough, New York 10510-0827 
United States 

Telephone: (914)941-5600 Fax: (914)941-5855 


Name: Theobald Dengler Reg. No.: 34.575 



Signature: ^-^'^'^""'^yi^'^ Date: Mav 25. 2001 


TD:sk 

70179.2 

DATED: 


May 25, 2001 

SCARBOROUGH STATION 
SCARBOROUGH, NEW YORK 10510-0827 


I HEREBY CERTIFY THAT THIS CORRESPONDENCE IS BEING DEPOSITED WITH 
THE UNITED STATES POSTAL SERVICE AS EXPRESS MAIL IN AN ENVELOPE 
ADDRESSED TO: COMMISSIONER OF PATENTS AND TRADEMARKS, 
WASHINGTON, D.C. 2023 1, No. EL151019508US ON Mav 25. 2001 


McGLEW AND TUTTLE, P.C., SCARBOROUGH STATION, 
SCARBOROUGH, NEW YORK 10910-0827 



Date: Mav 25. 2001 
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REGISTERED PATENT ATTORNEY 

JOHN JAMES McGLEW J.D., NY, NJ, DC BARS 


THEOBALD DENGLER, PATENT AGENT 
HILDA S. McGLEW M.D.» PATENT AGENT 
KEITH D. MOORE, PATENT ATTORNEY 


• 


McGLEW AND TUTTLE, P.C. 

SCARBOROUGH STATION 
SCARBOROUGH, NEW YORK 10510-0827 
TEL: (914) 941-5600 
FACSIMILE: (914) 941-5855 


PATEOTTOADEMARK 

COPYRIGHT, AND UNFAIR 
COMPEimON CAUSES 


Hon. Commissioner of Patents 
and Trademarks 
Washington, D.C. 20231 


Re: ATTORNEY DOCKET: 70179 
Customer Number: 000023872 


Sir: 

Attached please find the complete application papers and Small Entity fees in the 
above-identified application which are being placed in the U.S. Mail today. May 25, 2001, as 
|1 Express Mail number ELI 5 1019508US. 

ffl A copy of the Express Mail receipt is also attached. 


Respectfully submitted 
for Applicant(s), 



Theobald Dengler 

Reg. No. 34,575 

McGLEW AND TUTTLE, P.C. 


TD:sk 
Enclosures 


Complete Application Papers and Fees 
Copy of Express Mail Receipt 


DATED: May 25, 2001 

SCARBOROUGH STATION 
SCARBOROUGH, NEW YORK 10510-0827 
(914)941-5600 


I HEREBY CERTIFY THAT THIS CORRESPONDENCE IS BEING DEPOSITED WITH 
THE UNITED STATES POSTAL SERVICE AS EXPRESS MAIL IN AN ENVELOPE 
ADDRESSED TO: COMMISSIONER OF PATENTS AND TRADEMARKS, 
WASHINGTON, D.C. 20231, NO. EL151019508US 

McGLEW AND TUTTLE, P.C., SCARBOROUGH STATION, 
SCARBOROUGH, NEW YORK 10510-0827 



DATE: May 25. 2001 
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Docket #70179 

APPARATUS AND METHOD FOR THE VISUAL INSPECTION IN 
PARTICULAR OF CONCEALED SOLDERED JOINTS 

RELATED APPLICATIONS 

This is a Continuation of application Serial No. 09/394,732 filed September 13, 1999, and 
the entire disclosure of this prior application is considered to be part of the disclosure of the 
accompanying application and is hereby incorporated by reference therein. 

FIELD OF THE INVENTION 

The invention relates to an apparatus for the visual inspection in particular of concealed 
soldered joints, in particular between an electric or electronic component disposed on the surface of 
a printed circuit board and the printed circuit board. 
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BACKGROUND OF THE INVENTION 

In the field of soldering technology, in particular with the use of SMDs (Surface Mounted 
Devices), and here in turn in particular with so-called EGAs (Ball Grid Arrays), chip scale packages 
(CSPS) and FHp Chips (FCs), the problem arises that because of the small gap height between the 
underside of the components and the printed circuit board the quality of the soldered joint both of 
the outer and of the inner pin arrays with the corresponding contact points of the printed circuit board 
can no longer be checked merely by visual inspection. The corresponding electric or electronic 
components or assemblies are therefore in general subjected to an electric function test after the 
soldering. This is first of all, however, time-consuming and therefore expensive and can secondly 
only supply information as to whether the soldered joints conduct current or whether open or short- 
circuits occur. Information on the quality and hence solidity of the individual soldered joints and 
expected life-time cannot be supplied by this test method. 

It is further known to check soldered joints non-destrucfively by means of x-rays. With this 
known method also it is possible in the end to check only undesirable soldering jumpers between 
adjacent pins, which cause a short-circuit, or the correct position of the pins of the components on 
the contact points of the printed circuit board; a statement on the quality of the individual soldered 
joints or the visual quality of the surface of the individual soldered joints or for example on 
undesirable flux residues in the area of the solderings is not possible. In addition such units are very 
expensive to procure and maintain and the application of this known method is not completely risk- 
fi-ee in terms of exposure to radiation. Furthermore, such units can only be operated by highly 
trained and specialized persons. 

A fiirther known method for determining the quality of a soldered joint is the production of 


a micrograph in cross-section through the respective soldered joint. Although it is certainly possible 
in this way to obtain reliable information on the quality of the soldered joint, for example on 
sufficient melting of the solder point of the component and hence satisfactory wetting of the contact 
point on the printed circuit board, a destructive test method is nevertheless involved here, which can 
be used only on a random sample basis for the drawing of conclusions on the operating parameters 
of the soldering process. Moreover, a visual inspection of the surface of the individual soldered 
joints is also not possible in this case. 

Finally, there are known fi'om the field of medicine and engineering endoscopes with 
illuminating devices, with which inaccessible areas can be inspected visually. The known 
endoscopes have a substantially tubular layout, at the axially outer end of which a deflection unit 
with illumination is disposed, which deflects the light exiting out of the tubular arrangement in the 
gap direction or deflects the gap image in the direction of the ocular. Because of its type of 
construction, however, viewing into gaps of small height, in particular in the range below 1 mm gap 
height, as is regularly the case in particular with EGAs and other SMDS, is not possible. 

SUMMARY AND OBJECTS OF THE INVENTION 

Starting fi*om this prior art it is the object of the present invention to create a generic 
apparatus which permits the visual inspection of in particular concealed soldered joints non- 
destructively in a comparatively simple and cost-effective manner. 

According to the invention, an apparatus for the visual inspection of concealed soldered 

i 
I 

! joints, between an electric or electronic component disposed on the surface of a printed circuit board 
and the printed circuit board, is provided with an ocular unit, a lens head, an image transmission unit 


for transmitting the image received by the lens head to the ocular unit and an illuminating device for 
illuminating the soldered joints to be tested. The lens head comprises a device for image deviation 
which extends up to the axially outer end of the lens head. The illuminating device is disposed in 
the lens head in such a way that the exit angle of the light of the illuminating device out of the lens 
head is substantially equal to the deviation angle of the image deviation. The exit point of the light 
; is disposed next to the device for im age deviation in the area of the axially outer end of the lens 
head. 

It is also a further object of the invention to provide a method with which the quality of a 
soldered joint between an electric or electronic component disposed on the surface of a printed 
circuit board or similar, in particular an SMD or BGA component, and the printed circuit board is 
checkable in a simple manner. 

According to the invention the apparatus for the visual inspection of concealed soldered 
joints comprises, in particular between an electric or electronic component soldered to a printed 
circuit board, for example a BGA, and the printed circuit board, for the checking of the quality of 
the soldered joint, first and foremost an ocular unit, a lens head, an image transmission unit for 
transmitting the image received by the lens head to the ocular unit and an illuminating device for 
illuminating the soldered joints to be tested. In other words, the apparatus according to the invention 
comprises first and foremost the basic constructional form of an industrial or medical endoscope. 
Further there is provided in the area of the Tens head in a manner first and foremost also known per 
se a device for image deflection. 

In contrast to the known endoscopes, however, in which the lens or the deflection device is 
by virtue of the type of construction located at least a short distance fi-om the axially outer "distal" 



end of the lens head, with the apparatus according to the invention the device for image deflection 
extends up to the axially outer end of the lens head. For this reason alone the image exit or image 
entry point of the lens can be placed considerably closer to the printed circuit board in comparison 
with the prior art, so that gaps of smaller height or soldered joints disposed therein are visually 
5 inspectable. 

Likewise in contrast to the known endoscopes, in which the illuminating device or the light 
exit is disposed above or below the lens or the deflection unit, whereby the gap height to be reached 
visually is increased and/or an undesirable light shadow is generated in the gap area, according to 
y the invention the illuminating device is disposed in the lens head in such a way that the exit angle 
ijl Q of the light of the illuminating device from the lens head is substantially equal to the deviation angle 
In Jjj of the image deviation and the exit point of the light is disposed next to the device for image 
CI %1 deviation in the vicinity of the axially outer end of the lens head. This means in other words that on 
hf n the one hand the illuminating device is disposed at substantially the same height, referred to the 
I J{ P printed circuit board surface or gap plane, as the image exit or image entry point of the lens and on 
iSt ry the other the image illumination takes place without any vertical shading. 

U Overall, soldered joints in gaps with a height of less than 1 mm and well below this can be 

inspected visually in a simple manner with the apparatus according to the invention. This means in 
particular that the individual soldered joints for example in EGAS, CSPs or FCs which as a rule have 
a gap height of approx. 0.02 to 0.8 mm between component underside and printed circuit board, are 
20 visually checkable nondestructively for soldering defects, undesirable jumper formation, 
contaminations and similar. 

In basically any manner the exit of the light of the illuminating device can take place 
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monolaterally at the lens head. According to a preferred embodiment of the invention, however, the 
exit of the light of the illuminating device from the lens head takes place bilaterally next to the 
device for irrlage deflection, whereby a regular illumination of the field of view is ensured. 

The deflection or deviation of the image in the lens head from the direction of the object to 
be observed in the direction of the ocular can likewise take place in any manner, for example in the 
simplest case by means of a deviating mirror. Preferably, however, the device for image deviation 
comprises a deviating prism, in which the deviation takes place in manner known per se. In 
comparison with mirror deviation, therefore, in particular the visual quality of the image can be 
improved and in particular also the image exit or image entry point of the lens be moved fijrther 
downwards, namely in the direction of the axially outer end of the lens head. 

The deviation angle of the device for image deviation is basically arbitrary and can lie 
between 0 and 1 80 degrees. The deviation angle ftirther depends substantially on the angle at which 
the endoscope of the apparatus is positioned relative to the printed circuit board surface. Preferably 
the deviation angle comes to substantially 90 degrees. This means in other words that the apparatus 
according to this embodiment of the invention is, referred to the optical axis between lens and ocular, 
positioned substantially at right angles to the printed circuit board and hence to the gap plane. The 
apparatus can therefore also be used with densely equipped printed circuit boards and hence 
comparatively narrow gaps between the components to be checked. 

In particular if it is not only the outer soldered joints in the edge area of the component that 
have to be checked, the lens is according to a further particularly preferred embodiment of the 
invention constructed in such a way that the depth of field area of the image or the focus distance 
correspond to at least half the component size, for example half the component width, half the 


I component length or half the component diameter. In this way the whole of the gap interior can be 
checked visually by the inspection of mutually opposite sides of the component. The depth of field 
area of the lens can further be pre-set in manner known per se for example through the focal length 
of the lens. 

According to a particularly preferred embodiment the lens head comprises a housing with 
at least one laterally open recess tapering towards the axially outer end of the lens head and bounded 
on both sides by flange-type webs. The deviating prism or the deviating mirror is disposed in this 
housing in such a way that the free surface of the deviating prism, i.e. that facing the gap, or the 
mirror surface in the recess faces outwards, referred to the housing and the recess, and the lower 
lateral edge of the deviating prism or the deviating mirror seals the lens head towards the axially 
outer end. This means in other words that the lower end of the deviating prism or the deviating 
mirror can be brought to rest directly against the printed circuit board, in order to guarantee an image 
deviation also into extremely low gaps, while the lateral edges of the prism or the mirror are 
protected against damage by the flange-type webs and the prism or the mirror is simultaneously 
fixable by these webs. In this embodiment the light exits of the illuminating device can further be 
disposed in the flange-type webs. 

According to a further preferred embodiment the illuminating device comprises at least one 
glass fiber bundle which is connectable with its first axial end to a light source, whether the latter 
be disposed externally or else in or on the apparatus, and forms with its second axial end the light 
exit of the illuminating device on the lens head. There can be achieved in simple manner by the use 
of a glass fiber bundle in particular a light exit which, if there is adequate illumination intensity, has 
a sufficientiy small diameter for illuminating a narrow gap. If two or more light exits are provided 


in the lens head, the respective glass fiber bundles can be combined into one bundle between light 
exit and light source and be fed to a common light source. 

The transmission of the gap image from the lens head to the ocular can take place for 
example by means of a lens or mirror system. Preferably however the apparatus according to the 
invention comprises for the image transmission at least one further glass fiber bundle, which can be 
coupled optically with its first end to the unit for image deviation, in particular the deviating prism, 
and with its second end to the ocular. 

In principle all kinds of soldering defects can be checked and determined visually with the 
embodiments described above, both those in the edge area and, if there is a sufficient depth of field 
of the lens, in the inner area of the soldering field for example of a BGA. In particular, but by no 
means exclusively, if undesirable soldering jumpers causing a short circuit are to be detected, namely 
jumpers between adjacent "solder pins" of a BGA, CSP or FC with a large number of soldering 
points, a second illuminating device is provided according to a particularly preferred embodiment 
of the invention, which is positionable opposite the lens head substantially in the viewing or in the 
image direction of the apparatus, referred to the gap plane, and illuminates in the direction of the lens 
head. It is thus possible in a simple manner, with viewing through the gap intervals between the 
individual rows of the soldering points, for a short-circuit jumper to be eliminated by recognition of 
the counterlight source and, conversely, for an undesirable jumper to be determined in an 
unambiguous manner if the counterlight source cannot be seen. 

According to a further embodiment of the invention the second illuminating device comprises 
a counterlight head with a housing with at least one laterally open recess tapering towards the axially 
f outer end of the counter- light head, wherein in the housing a deviating prism or a deviating mirror, 
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which is connectable to a light source via a glass fiber bundle, is disposed in such a way that the free 
surface of the deviating prism or the mirror surface in the recess faces outwards and the lower lateral 
edge of the deviating prism or of the deviating mirror seals the counterlight head towards the axially 
outer end. This means in other words that the light deviation and the light exit take place via the 
prism, which in this embodiment does not have an image-transferring function of any kind. Because 
of the previously described shape the prism and hence the light exit can again be placed close to the 
surface of the printed circuit board and therefore in the gap plane. 

According to an alternative embodiment to the latter the second illuminating device can 
comprise a counterlight head which is of substantially identical construction to the lens head of the 
apparatus. In this embodiment the counterlight head and the lens head can respectively serve 
simultaneously or alternately as an illuminating device and/or image detector, so that simultaneously 
or alternately the gap can be checked from both sides for example of a BGA. To this end the prism 
of the counterlight head can be couplable reversibly with the ocular of the lens head or else with a 
separate ocular. 

In particular if the counterlight head serves simply as a counterlight source, according to a 
further embodiment of the invention the glass fiber bundle at least of the second illuminating device 
can run in a flexible spiral tube. In this way firstly the glass fiber bundle is reliably protected against 
mechanical damage and secondly the counterlight head can thereby in conformance with BGAs of 
varying dimensions be adjusted in particular as regards its distance from the lens head. 

The illuminating device of the counterlight head and the illuminating device of the lens head 
can be coupled to different light sources in any manner. Preferably, however, the glass fiber bundles 
of the lens head and of the counteriight head are connectable to the same light source. An overall 


structural layout which is simple and cost-effective is thereby obtained. 

According to a further embodiment the first and/or the second illuminating device or the light 
source of the first and/or second illuminating device can be adjustable in their luminous strength or 
light intensity. 

It is of critical importance for the invention that the lens head is illuminatable by the 
counterlight source. To this end the lens head and the second illuminating device are preferably 
couplable via a linkage, rack or similar such that an exactly defined relafive position of lens head and 
illuminafing device, in particular counterlight head, is adjustable. 

According to a particularly preferred embodiment the linkage or rack comprises for this 
purpose a fi-eely projecting bracket which is fixable substantially rigidly to a housing section of the 
apparatus between lens head and ocular or is part of said housing section. In this embodiment the 
bracket comprises, displaceable in longitudinal direction in a guide element, a holding device in 
which the second illuminating device is fixable indirectly or directly and with which in particular 
the axial distance between lens head and counterlight head is adjustable. 

The image of the gap or of the soldered joints disposed therein which is transmitted by the 
lens to the ocular can be inspected directly by an observer at the ocular. According to a preferred 
embodiment, however, an image-recording, image-converting and/or image-processing device of an 
electronic, magnetic or optical kind is couplable indirectly or directly in the vicinity of the ocular. 
This can be for example a video or television camera whose CCD image sensor is connectable to the 
ocular directly or indirectly via a corresponding lens. The video image so received can be passed 
to a screen and/or be subjected to an image processing in a computer. The checking of soldered 
joints beneath a BGA can thereby be automated in basically any manner for example by comparison 
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of the image with reference images. Furthermore, the standoff height or gap can be measured 
directly on a video screen or by a program of a computer to detect a critical height which can be a 
measure of the quality of the soldered joint. 

The apparatus according to the invention can in manner known per se be disposed on an X-Y 
table on which a printed circuit board-component soldered joint to be investigated can be brought 
into the test position below the apparatus or, conversely, the apparatus can be brought into the test 
position above the printed circuit board-component soldered joint. 

According to the invention the apparatus described above can in a particularly advantageous 
manner be used in a method for checking the quality of the soldered joint between an electrical or 
electronic component arranged on the surface of a printed circuit board or similar, in particular an 
SMD, BGA, CSP or FC component, and the printed circuit board. The component to be investigated 
in terms of the soldered joint with the printed circuit board comprises, arranged in rows and gaps 
after the manner of a matrix, a large number of solder pins or solder points which are solderable with 
a corresponding number of contact points complementary as to shape and function disposed on the 
printed circuit board. The method according to the invention comprises the following method steps: 

a) In a first method step first of all a visual examination is made of the soldered joints of the 
outermost row of soldered joints of a first side of the component to be tested, wherein the component 
is moved stepwise according to the spacing of the solder point rows or gaps past the lens head of the 
apparatus or, conversely, the lens head of the apparatus is moved step-wise past the component. It 
is not absolutely necessary for all the solder points to be checked here; instead, a comparatively 
reliable finding on the overall quality of the soldering can be obtained simply by checking of the 
comer soldering points. Moreover, use can be made, in evaluating the quality of the soldered joint, 
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both of the surface of the soldered joint, in particular also flux residues, and for example the 
geometrical form of the solder point, in particular the "crowning" at the solder points of a BGA as 
a measure of a sufficient melting during the soldering process and the coplanarity of component and 
printed circuit board. The distance or the standoff height of the component underside from the 
printed circuit board surface can be a further measure of the quality of the soldered joint or at least 
of sufficient melting of the solder points during the soldering process. The latter can easily be 
measured as the gap height with an apparatus according to the invention. 

b) In further method steps the component or the apparatus is rotated respectively through 
90 degrees, wherein a visual examination is subsequently made in each case of the outermost rows 
of soldered joints of the further sides of the component analogously to method step a). 

c) For the reliable determination of undesirable jumpers between neighboring solder 
pins, which can lead to electrical failure of the component, there takes place according to the 
invention in a further method step a visual examination of the channels formed between the 
respective gaps or rows for optical visibility. 

Method steps a) to c) do not necessarily have to be carried out in this time sequence. Instead 
method step c) in particular can be carried out at the same time as method steps a) and b) during the 
step-wise moving of the component past the lens head or, conversely, the lens head past the 
component. 

According to a preferred embodiment method step c) is carried out with counterlight, 
whereby a particularly easy and fast recognition of undesirable short-circuit jumpers is obtained. 

In order to fully check a component or the soldered joints between the component and the 
printed circuit board, with method steps a) and b), at the same time or staggered in time, the soldered 
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joints of the inner rows can be checked visually for soldering defects by viewing into the channels 
formed between the gaps or rows. In particular co-planarity defects between component and printed 
circuit board in the gap interior can thereby be determined easily and reliably. 

The various features of novelty which characterize the invention are pointed out with 
5 particularity in the claims annexed to and forming a part of this disclosure. For a better 
understanding of the invention, its operating advantages and specific objects attained by its uses, 
reference is made to the accompanying drawings and descriptive matter in which preferred 
embodiments of the invention are illustrated. 

i a BRIEF DESCRIPTION OF THE DRAWINGS 

ISI p In the drawings: 

pi yl 

7" Fig. 1 is a diagrammatic representation of an embodiment of the apparatus according to the 

HI invention in elevation, 

y I fi Fig. 2 is an enlarged diagrammatic partly cut-away view of the lens head of the embodiment 

m according to Fig. 1 , wherein the lens head is rotated through 90 degrees compared with the view 

15 H according to Fig. 1; 

Fig. 3 is an enlarged diagrammatic view corresponding to Fig. 2 of the counterlight head of 

, the apparatus according to the invention; 

Fig. 4a is a sectional view taken along line 4a-4a of Fig. 2; 
Fig. 4b is a sectional view taken along line 4b-4b of Fig. 2. 
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DETAILED DESCRIPTION 
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OF THE PREFERRED EMBODIMENT 
The apparatus 1 according to the invention shown in Fig. 1 has substantially the outer form 
of an endoscope. The apparatus 1 is further fitted with a lens head 2, which in manner known per 
se contains a lens, an ocular unit 3 and an image transmission unit 4 for transmitting the image 
received by the lens head 2 to the ocular unit 3. The image transmission unit 4 is disposed in a 
substantially tubular housing section 5 of the apparatus 1 and comprises a glass fiber bundle 18 
indicated only diagrammatically in the view according to Fig. 2, which couples the lens head 2 with 
the ocular unit 3 visually, that is to say transmitting an image. As an ahemative, there may be a 
series of lenses between the lens head 2 and the ocular unit which transmit and eventually magnify 
the image. 

The lens head 2, which is shown enlarged in Fig. 2, comprises a housing 6, preferably of 
stainless steel, which is formed fiinnel-shaped in cross section (cf Fig. 1). The housing 6 is 
: provided with a recess 7, which in the view according to Fig. 2 is substantially square-shaped. The 
recess 7 is further open both downwards, that is to say towards the axially outer end 8 of the 
apparatus 1, and laterally, that is to say towards the observer in the view according to Fig. 1. In the 
recess 7 a deviating prism 9 is disposed in such a way that the free prism face 10 faces outwards (to 
the left in the view according to Fig. 1 ) and a deviation or deflection of the optical path by 90 degrees 
takes place out of the vertical axis 1 1 formed by ocular unit 3 and lens head into the horizontal axis 
12 and vice- versa. 

The recess 7 is bounded laterally by two flange-type webs 13 and 14. These webs serve 
firstly for the fixing and for the protection of the deviating prism 9 against mechanical damage and 
secondly light exits 15 and 16 which are part of an illuminating device are disposed in the axially 
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outer ends of the webs 13 and 14. The light exits 15 and 16 are in this embodiment formed by the 
free axial ends respectively of a glass fiber bundle, which free axial ends are led through the lens 
head 2 and the housing section 5 to a glass fiber connection 17 which serves for the feeding of the 
light of a light source (not shown), so that both light exits 15 and 16 are fed from the saine light 
source. The glass fiber bundles are so oriented in the vicinity of the light exits so that the exit angle 
of the light is substantially equal to the deviation angle of the image deviation, whereby the whole 
of the visually attainable field of view is illuminatable without any vertical shadowing. 

In Fig. 1 the apparatus 1 according to the invention, more precisely the lens head 2, is placed 
as normal on a printed circuit board or held only a short distance above the printed circuit board 
surface. There is fixed to the printed circuit board in known manner an electronic component 20 in 
the form of a BGA (Ball Grid Array) by soldering via the solder points 2 1 . The gap 22, shown with 
enlarged thickness not to scale, between the component underside and the printed circuit board 
surface has as a rule a gap height of between 0.02 and 0.8 mm. By virtue of the features of the 
invention which are described above, in particular the arrangement of the deviating prism 9 directly 
up to the axially outermost distal end of the lens head 2, the image exit or image entry point of the 
prism and hence of the lens as a whole can be moved into the gap area, whereby the gap and hence 
the interior soldered joints disposed therein are visually accessible, wherein moreover, because of 
the light exit at substantially the same axial height, or longitudinal position, above the printed circuit 
board surface as the image exit or image entry point, sufficient illumination and hence good 
observability is ensured in the gap area. 

As shown in Fig. 2, the deviating prism 9 is receivable of the external image over a 
longitudinal'ior axial image distance which extends from the bottom to the top of prism 9 in Figure 
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2. The light exits 15, 16 emit the light at a position within this longitudinal image distance. The 
longitudinal image distance has one longitudinal or axial end at a^ farthest/longitudinal distance of 
the lens head 2, which is the bottom of lens head 2 and prism 9 in Figure 2. The light exits 15, 16 
emit the light at a position adjacent this farthest longitudinal distance. 

The embodiment of an apparatus 1 according to the invention which is shown in Fig. 1 is 
further equipped with a counteriight head 23. The counteriight head 23 comprises a housing 24 (cf. 
Fig. 3) which is provided in analogous manner to the housing 6 of the lens head 2 with a recess 25 
and a deviating prism 26 disposed therein as described above for the lens head 2. In contrast to the 
lens head 2, however, the deviating prism 26 is combined visually not with the ocular unit 3, but 
rather via a glass fiber bundle 27, which is accommodated in a flexible spiral tube 28, in particular 
of stainless steel, with the glass fiber connection 17 and hence with the same light source (not 
shown) as the illuminating device of the lens head 2. The deviating prism 26 serves in particular for 
the introduction, directed substantially onto the lens head 2, of counteriight into the gap 22. 

In the area of the housing section 5 a freely projecting bracket 29 is fixed to the apparatus 1 . 
A groove-type guide element 30 is moreover formed in the bracket 29, in which a clamping member 
31 is accommodated so as to be displaceable axially, that is to say in axial direction of the bracket 
29, and fixable by clamping. The glass fiber bundle 27 running in the spiral tube 28 is held in the 
clamping member 31, so that with the displacement of the clamping member 31 the counteriight 
head 23 is simultaneously displaceable in the direction of the arrow and hence the exact distance 
between counteriight head 23 and lens head 2 is adjustable in particular in conformance with BGA 
components of differing sizes. Moreover, the bracket 29 may be adjusted vertically and rotated for 
at least 90° with respect to the housing section 5 to bring the bracket and combined therewith the 
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counterlight 23 in a position of non-operation when not needed and vice versa. 

In the area of the ocular unit 3 the apparatus 1 is provided with a focusing device 32 for the 
focusing of the optical image. In addition there is coupled optically to the ocular unit 3 a video 
camera 33 in order to supply the gap image received to an optical image processing device or image 
storage device. Furthermore, there may be arranged a TV-Zoom adaptor between the camera and 
the ocular unit to magnify the image transmitted. 

While a specific embodiment of the invention has been shown and described in detail to 
illustrate the application of the principles of the invention, it will be understood that the invention 
may be embodied otherwise without departing from such principles. 


17 


m 


WHAT IS CLAIMED IS: 
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1. An apparatus for the visual inspection of soldered joints between an electric or 
electronic component disposed bn the surface of a printed circuitMboard and the printed circuit 
board, the apparatus comprising: 

an ocular unit; 

a lens head; 

an image transmission unit f^r transmitting the image received by said lens head to said 
ocular unit; and 

an illuminating device for illuiAinating the soldered joints to be impected, said lens head 
comprising a device for image ^iatick ext^ing up to^n axially outermost end ofsaid lens 
head, said illuminating devkfe being dis\)Osed iji said lens head to provide a light exit directed 


tov^ard the soldered joint^ to be inspectec 


sWlight exit being disposed besides said device for 


image deviation at the axially omer end oi said lens head. 


2. The apparatus according to cl4im 1, wherein said light exit of the light of the 
1 illuminating device from the lens head is a bilateral exit next to the device for image deviation. 


3. The apparatus according to claim 1 , therein the device for image deviation comprises at 
least one deviating prism or at least one deviatin]^ mirror. 

4. The apparatus according to claim 1 , wh^ein the deviation angle of the device for image 
deviation is betv^een 0 and 180 degrees. 
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5. The apparatus according to claim 4, wherein the deviation angle of the device for image 
deviation is substanti^ly 90 degrees. 

6. The apparatus according to claim 1 ,wherein the lens head has a focal length suchthat the 
depth of field area of the imke corresponds to at least half oLaJargest component size of-the 
component on the printed circuim)oard. 


7. The apparatus according to^'^laiffi-l^wherein the lens head comprises a housing with at 
least one laterally open recess taping t^ards theVially outer end of the lens head and bounded 
on both sides by flange-type fehs, whereiim deviatif^g prism opdeviating mirror is disposed in the 
housing to cause a free sur/ace of the deviatVg prism or the mirror surface in the recess faces 
outwards and the lower latei^l edge of the deviling prism or of the deviating mirror seals the lens 
head towards the axially outer ehd^^jO-^dierein fulijher the Ught exits of the illuminating device are 
arranged in the flange-type webs. 


8. The apparatus according to claim 1, wherein tfae illuminating device comprises at least 

one glass fiber bundle with first and second ends, said first akial end is connectable to a light source 

\ 

and forms with said second axial end the light exit of the illunainating device on the lens head. 


9. The apparatus according to claim 1, wherein the imagdtransmission unit comprises at 
least one glass fiber bundle which is optically couplable with its f^rst end to the unit for image 
deviation, and with its second end to the ocular unit. 
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1 0. TheVpparatus according to claim 1 , wherein a second illuminating device, positionable 
substantially in a Viewing direction of the apparatus opposite the lens head, illuminates in the 
direction of the lens Bead. 

1 1 . The apparatus \ccording to claim 10, wherein the second illuminating device comprises 
a counterlight head with a hoXsing with at least one laterally open recess tapering towards the axially 
outer end of the counterlight hfi^d, wherein in the housing a deviating prism or a deviating mirror, 
which is optically couplable to kHghfsol^^ via a glass fiber bundle, is disposed with the fi*ee 
surface of the deviating prisrn/or tBe mirror si^rface in the recpss facing outwards and the lower 
lateral edge of the deviatingtasm or o\the ddvi^ting^^ ;eals the counterlight head towards the 
axially outer end. \ / 

12. The apparatus according to claim \o, wherein the second illuminating device comprises 


1 3 . The apparatus according to claim 1 0 wh^ein the glass fiberjbundle at least of the second 
illuminating device runs in a flexible spiral tube. \ 


14. The apparatus according to claim 1 1 , wherein thd^^lass fiber bundle ofthe lens head and 
of the counterlight head are connectable to the same light souk e. 


15. The apparatus according to claim 1 0, wherein the lens hW and the second illuminating 



counterlight head which is of substantially identical construction to the lens head. 


20 


device are coup\bIe via a linkage, racl^^^^i^ar to provide an exactly defined relative position of 
lens head and secoVl illuminating device is adjustable. 


16. The apparatus according to claim 15, wherein the linkage or rack comprises a freely 
projecting bracket whichMs fixable substantially rigidly to a housing section of the apparatus 
between lens head and ocula\unit or is part of the housing section, wherein the bracket comprises, 
displaceable in longitudinal dVection in a guide element, a holding device in which the second 
illuminating device is fixable, witk^^^liidufi^ distance between lens head and counterlight head 
is adjustable. 
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17, A method lor checking tHe qiaality of the soldered joint between an electric or 
electronic component disbosed on the su^ce of a printed circuit board ^-simj^r including an 
SMD, BGA, CSP or FC cdniponeii)^d tM^ printed circuit board, the method comprising the 
O steps of: 

^ Tti using an ocular unit with an apparatus in^uding a lens head, an image transmission unit 

F? for transmitting the image received by the lens hea(Wo the ocular unit and an illuminating device 
for illuminating the soldered joints to be tested, in wiich the lens head comprises a deviating 
prism for image deviation which extends up to the axiallV outermost end of the lens head, and in 
which the illuminating device is disposed in the lens headNto cause the exit angle of the light of 
10 the illuminating device out of the lens head is substantially^qual to the deviation angle of the 
« image deviation and the exit point of the light is disposed nextV) the deviating prism for image 
■ deviation in the area of the axially outer end of the lens head, the component comprising, arranged 
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in rows and gap\ after the manner of a matrix, a large number of solder pins, solder balls or 
solder points whick are solderable with a corresponding number of contact points complementary 
as to shape and funct\on disposed on the printed circuit board; 

visually examining the soldered joints of the outermost row of soldered joints of a first 
side of the component tb be tested with the unit, wherein the component is moved step-wise 
according to the spacing o¥ the solder joint rows ^aps past the lens head of the apparatu^ori 
conversely, the lens head of\he apparatus is moved step-wise past the component; 

rotating of the compondntQthe apparatus through respectively 90 degrees and visually 

examining the soldered join^f me outerrnbst rows of soldered joints of the further sides of the 

component with the unit/Wherein component is moved step-wise according to the spacmg of 

^^^^ Jj^j^ 
riversely, the lens head of the apparatus 


the solder joints past the 
is moved step-wise pas 


lens head of ftie apdaraf 
the component\aTid 



visually examinin^e chaijH^s fkmed between the respective gaps ^^ows fo r optical 
visibility. 

18. The method according to claim 17,yherein said visually examining the channels is 
performed with a counterlight. 

19. The method according to claim 17 wherein in addition to said visually examing the 
soldere^oints and said rotating, at the same tim^^o^^egered in time, the soldered joints of the 
inner rows are examined visually for soldering defects by viewing into the channels formed between 
the gap^^ rows. 
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20. An apparatus for the visual inspection of soldered joints disposed between an electric 
or electronic component and a substrate, the apparatus comprising: 

an ocular unit;\ 
a lens head; \ 

an image transmission unit for transmitting the image received by said lens head to said 

ocular unit; and \ 

an illuminating devicAfor illuminating the soldered joints disposed between the electric 
or electronic component and thV«(ibstrate, saitUens head comprising an image deviation device 
for changing the direction of the iriaage path from in incoming direction from between the electric 
or electronic component ahd the substrate to afaXoutgoing direction, said image deviation device 
extending up to an axialljJ outermost ^d of sa/d lenslieadrsaidilluminating device having a light 
exit to provide a light exit\irection suO|St^tially toward said incoming direction, said light exit 
of said illuminating device being dispd^ed^^cjr cm^^ said device for image 

deviation. \ 

21. The apparatus according to claim Vo, wherein said image deviation device changes 
the direction of the image path by an image deviation angle, said illuminating device having a light 
source and a light transmission path changing the direction of light from said light source to said 
light exit by an angle substantially equal to said imalge deviation angle. 

22. A visual inspection apparatus comprising^^^ 
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an image transmission unit having a longitudinal axis with first and second ends at opposite 
longitudinal ends, said\image transmission unit transmitting an image from said first end to said 
second end along said longitudinal axis; 

a head arranged alsaid first end of said image transmission unit, said head extending a 
predetermined distance froVn said first end of said imagine transmission unit; 

an image deviation device arranged in said head and being receivable of an external image 
at an image axis angularly spa\ed from said longitudinal axis of said image transmission unit, said 
image deviation device being figgdable of thds^xtemal image into said first end of said image 
transmission unit substantially along 

receivable of the external /mage at\ubstantiallj^a/farthest longitudinal distance of said head from 
said transmission device; 

an illuminating deVce in said hea^if said illuminating device emitting light substantially 
parallel to said image axis at alongftudWl position of said image deviation device. 


said longitudinal axis, said image deviation device being 


23. An apparatus in accordance wim claim 22, wherein: 

said image deviation device is receiva|)le of the external image over a longimdinal image 
distance; 

said illuminating device emits the ligh^at a position within said longimdinal image 


distance. 


24. An apparatus in accordance with claim 23, Wherein: 

said longitudinal image distance has one longimdinal end at said farthest longimdinal 
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distance of said head; 

said illuminating device the light at a position adjacent said farthest longitudinal 
distance. 

25. An apparatus in accordmce with claim 22, wherein: 

said head includes a web longitudinally extending along one side of said image deviation 
device, said web extending to, or les^han, said farthest longitudinal distance. 

26. An apparatus in accordance with claim 22, wherein: 

said head includes a web Imigitudinally extending alopg^ne side of said image deviation 
device, said web extending substantially equal to said farthest longitudinal distance. 


27. An apparatus in accordance with qaim 25, wherein: 
/ said head includes another web longitudinally extending along another side of said image 

j deviation device, said another web extending to,\or less than, said farthest longitudinal distance. 

28. An apparatus in accordance with claim 27, wherein: 

each of said webs define an opening for emitting light from said illuminating device. 
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ABSTRACT OF THE DISCLOSURE 

An apparatus for the visual inspection in particular of concealed soldered joints is 
provided, in particular between an electric or electronic component disposed on the surface of a 
printed circuit board and the printed circuit board. The apparatus includes with an ocular unit, 
a lens head, an image transmission unit for transmitting the image received by the lens head to 
the ocular unit and an illuminating device for illuminating the soldered joints to be tested. The 
lens head includes a device for image deviation which extends up to the axially outer end of the 
lens head, and in which the illuminating device is disposed in the lens head in such a way that the 
exit angle of the light of the illuminating device out of the lens head is substantially equal to the 
deviation angle of the image deviation. The exit point of the light is disposed next to the device 
for image deviation in the area of the axially outer end of the lens head. 


70179.1 
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SCARBOROUGH STATION, SCARBOROUGH NY 10510-0827 


ATTORNEY DOCKET NO. 63896 

Applicant: CANNON 

Serial No,: 

Filed; 

For APPARATUS AND METHOD FOR THE VISUAL INSPECTION IN PARnCULAR OF 
CONCEALED SOLDERED JOINTS 


VERIFIED STATEMENT (DECLARATION) CLAIMING 
SMALL ENTITY STATUS 
(37 CFR L9(f) and L27 (c)) SMALL BUSINESS CONCERN 


I hereby declare that I am 

( ] the owner of a small business concern identified bdow; 
[ ] an offidal of the small business concern empowered to act on 
behalf of the concern identified below 

NAME OF CONCERN ERSA Loettechntk GmbH 

ADDRESS OF CONCERN Leonhard-Kari-Str. 24. 0^97877 Wertheim, GERMANY 


I her^y declare that the above identified small business concern qualifies as a small business 
I concern as defined in 13 CFR 121 .3-18, and reproduced in 37 CFR 1.9(d), for purposes of paying 
reduced fees to the United States Patent and Trademark OflSce, in that the number of employees 
of the concern, including those of its aflSIiates, does not exceed 500 persons. For purposes of this 
statement, (1) the number of employees of the business concern is the average over the previous 
fiscal year of the concern of the persons employed on a fiiU-time, part-time or temporary basis 
during eadi of the pay periods of the fiscal year, and (2) concerns are aflSliates of each other when 
either, directly or indirectly, one concern controb or has the power to control the other, or a third 
party or parties controls or has the power to control both. 

I hereby declare that rights under contract of law have been conveyed to the remain with the small 
bu^ess concern identified above with regard to the invention, entitled APPARATUS AND 
METHOD FOR THE VISUAL INSPECTION IN PARTICULAR OF CONCEALED 
SOLDERED JOINTS by inventor(s): Mark CANNON described in 

[ ] the specification filed herewith 

[ ] application serial no. , filed , 

[ ] patent no. issued . 


If the rights hdd by the above identified small bu^ess concern are not exclusive, each individual, 
concern or organization having rights to the invention is listed belov/* and no rights to the 
invention are held by any person, other than the inventor, who could not qualify as a small business 
concern under 37 CER 1.9 (c) if that person made the invention or by any concern which would 
not qualify as small business concern under 37 CFR 1 .9 (d) or a nonprofit organization under 37 
CFRl -9(e). *NOTE: Separate verified statements are required from each named person, concern 
or organization having rights to the invention averring to their status as small entities. (37 CFR 
L27) 


NAME 

ADDRESS 

[ ]SMALL BUSINESS CONCERN [ JMONPROHT ORGANIZATION 


NAME 

ADDRESS 


[ ]SMALL BUSINESS CONCERN [ JNONPROHT ORGANIZATION 

I acknowledge the duty to file, in this application or patent, notification of any change in status 
resulting in loss of entitlement to small entity status prior to paying, or at the time of paying, the 
earliest of the issue fee or any maintenance fee due after the date which status as a small entity is 
no longer appropriate. (37 CFR l,28(b)) 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and fiirther that these statements 
were made with the knowledge that willfiil false statements and the like so made are punishable by 
fine or imprisonment, or both, under section 1001 of Title 1 8 of the United States Code, and that 
such willfid fiilse statements may jeopardize the validity of the application, any patent issuing 
thereon, or any patent to which this verified statement is directed. 

NAME OF PERSON SIGNING Dipl-'Ing> Rainer Kurtz 

TITLE OF PERSON OTHER THAN OWNER President 

ADDRESS OF PHRSON SIGNING Gerhard Hauptmann Str.9, 97877 Wertheim 


SIGNATURE _jri_ DATE ^0-09-^999 
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MCGLEW & TUTTLE, P.C. 
JOHN JAMES MCGLEW 
SCARBOROUGH STATION 

SCARBOROUGH, NEW YORK 10510-0827 


ft 

UNITED STATES dEPARTMENT OF COMMERCE 
Patent and Trademark Office 

ASSfSTAr^JT SECRETARY AND COMMISSIONER 
OF PATENTS AND TRADEMARKS 
Washington. D C 20231 

lllllllllilliilllilllllllllllllllllil 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT 

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF 
THE U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFILM COPY IS 
AVAILABLE AT THE ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER 
REFERENCED BELOW. 

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. THE 
-I INFORMATION CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA 
IPRE'sENT IN THE PATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD 
\Fmp ANY ERRORS OR HAVE QUESTIONS CONCERNING THIS NOTICE, YOU MAY 
|CQ:^TACT the employee whose name APPEARS ON THIS NOTICE AT 703-308-9723. 
IPI^IaSE send REQUEST FOR CORRECTION TO: U.S. PATENT AND TRADEMARK OFFICE, 
=A|isiGNMENT DIVISION, BOX ASSIGNMENTS, CG-4, 1213 JEFFERSON DAVIS HWY, 
Istf|TE 320, WASHINGTON, D.C. 20231. 

rIIoRDATION DATE: 10/13/2000 REEL/FRAME: 011241/0034 

I □ - NUMBER OF PAGES: 3 

JBIJEF: CHANGE OF NAME (SEE DOCUMENT FOR DETAILS) . ^ 

'} l;l . 

I ASSIGNOR: 

: 'J^ERSA LOETTECHNIK GMBH DOC DATE: 05/03/2000 

aSiGNEE: 
^'^ERSA GMBH 

LEONHARD-KARL-STR. 24 

D- 97877 WERTHEIM, FED REP GERMANY 

SERIAL NUMBER: 09394732 FILING DATE: 09/13/1999 

PATENT NUMBER: ISSUE DATE: 

SERIAL NUMBER: 09545157 FILING DATE: 04/07/2000 

PATENT NUMBER: ISSUE DATE: 


SERIAL NUMBER: 29124150 
PATENT NUMBER: 


FILING DATE: 05/31/2000 
ISSUE DATE: 


011241/0034 PAGE 


2 " 


DOROTHY RILEY, PARALEGAL 
ASSIGNMENT DIVISION 
OFFICE OF PUBLIC RECORDS 
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Total fee (37 CFR 3.41) $ 120.00 
(X) Enclosed 

( ) /\uthori2ed to be charged to deposit account 

( ) Already submitted 

Deposit account number; 
13-0410 

(Attach duplicate copy of this page if paying by deposit 
tiX account ) 

DO NOT USE THIS SPACE 


10. To the best of my knowledge and belief, the foregoing 
information is true and correct and any attached copy is a 
true copy of the original document • 


John James McGlew 
Name of person signing 



^Srgixa^ul 


Reg. No. 31,903 


October 13, 2000 
Date 


Total number of pages comprising cover sheet, 
attachments, and documents 3 


JJM: jms 
Enclosures ; 


- Assignment Document 

- Check for recording fee of $120.00 


SCARBOROUGH STATION 
SCARBOROUGH, NEW YORK 10510 
DATED: October 13, 2000 

NOTE: IF THERE IS ANY FEE DUE AT THIS TIME, PLEASE CHARGE 

IT TO OUR DEPOSIT ACCOUNT NO. 13-0410 AND ADVISE. 

I HEREBY CERTIFY THAT THIS CORRESPONDENCE IS BEING DEPOSITED 
WITH THE UNITED STATES POSTAL SERVICE AS EXPRESS MAIL, 
REGISTRATION NO. EL597140877US IN AN ENVELOPE ADDRESSED TO: 
COMMISSIONER OF PATENTS AND TRADEMARKS, WASHINGTON, D,C. 
20231, ON October 13, 2000 


McGLEW AND TUTTLE, P.O., SCARBOROUGH STATION, 
SCARBOROUGH, NEW YORK/T^0510-0827 


By:_ 
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Date: October 13, 2000 
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i A'rrORNEY DOCKET NO; 63896 

!lN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

! Applicant : CANNON 
i Serial No; 09/394,732 
jFiled : September 13, 1999 
For : APPARATOS AND METHOD,., 
i Art Unit : 2877 
Examiner ; Pham, FT 
'Dated : December 7, 2000 

I 

;Hon. Commissioner of Patents 
I and Trademarks 
i Washington, D.C. 20231 

DECLARATION UNDER 37 C.F,R. §1.132 
i I, Mark Cannon, hereby state as follows; 

, 1 . 1 am the inventor of the invention disclosed and claimed in the above 
referenced U,S, patent application. 

2. Since the introduction of the area array package or ball grid array 
(BGA) over 15 years 

ago, the single largest problem has been with the ability to control the 
process due to the fact that visual inspection after soldering was considered 
impossible. This standpoint has been documented by all international 
specifications including NASA, Military Specification 2000, and IPC. 
Additionally, in every publication written by world renown industry experts, 
visual inspection of the BGA after soldering is not possible but is needed 
based on the limitations of x-ray technology which is the state of the art. 
The high cost of x-ray inspection equipment has also been repeatedly noted in 
all international publications as a limiting and negative factor. The need for 
low cost, visual inspection for BGA components has been long felt and well 
documented. This is supported for example by the article by Phil Zarrow from 

■ ihe December 19, 1999 Circuits Assembly publication, Mr. Zairow notes that 
the emergence of array packages has raised the question of how to inspect the 

■ inner connections. Mr. Zarrow notes that x-ray equipment as well as 
I laminography equipment was initially used. Mr. Zanow noted that x-ray 
• equipment did not provide sufficient information with regard to defects like 

opens and voids. 

3. Upon my invention being fully developed and sold, the reaction by the 
consuming public has been very good. The invention has met with extraordinaijy 
commercial success. As noted in Mr. Phil Zarrow's article, with the device of 
my invention, it is now possible to actually see under the array packages to 
visually examine the soldered joints and see many other critical things. The 
commercial success of the product has been substantial. This is evidenced by 
the attached list indicating various manufacturers that have bought or are 
xising the device of the invention. 
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' The success is also demonstrated by the i 
I numerous international innovation awards given to the invention and produce 

; according to the invention as detailed in the attached press release. To my ; 

knowledge, no single product has won ail of these awards. This is an ; 

I indication that there has been a long felt need and that the invention is 1 

indeed nonobvious. The device has only been on sale for a short time. The 

! tremendoxis numbers of units placed and the various different companies that , 

I use the device of the invention highlights the acceptance of the product. The ; 

i commercial success also highlights that the product has satisfied the long , 
, felt need with regard to solder joint inspection. The commercial success 

.; indicates the non-obvious aspect of the invention. j 

i 4. 1 hereby declare that all statements made herein of my own knowledge are 
! true and that all statements made on information and belief are believed to be 

' true; and further that these statements were made with the knowledge that j 

willful false statements and the like so made are punishable by fine or ; 

' imprisonment, or both, under Section 1001 of Title 18 of the United States j 

; Code and that such willful false statements may jeopardize the validity of the j 

I application or any patent issued thereon. I 

_____ I 


Mark Cannon 
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Enc: Article by Phil Zarrow from the December 19, 1999 Circuits Assembly 
publication 

International ERSASCOPE Users List 

Press release indicating awards for product of the invention 


application is not disclosed in the prior United States application in the manner provided by 
the first paragraph of Title 35, United States Code 112^ I acknowledge the duty to disclose 
material information as defined in Title 37, Code of Federal R^^lations* L56 which 
occurred between the filing date of the prior application and the national or POT 
international filing date of this implication: 

(Application Sovd No) (HSog O^ic) (Pateia<<PendUn8.AtuodQno<t) 


(Apptcation SctU N9) (Fifing Dace) (Paicnicd,Pcndir\fcAbii«l<>wja) 


I hereby ^point the following attomey(s) and/or agent(s) to prosecute this application and 
to transact all business in the Patent and Trademark Office connected therewith: John X 
McQew, Reg. 17J22; and/or John James McGIew, Reg. 31,903; aad/or Hilda S. 
McGlew Reg. 30^95; and/or Theobald Dengler, Reg. 34,575; and/or Kristina M. 
Grasso Reg, 39,205, 

Address all calls to: John James McGlew at telephone no. f914) 941-5600 

A&iress all correspondence to: 
S McGLEWANDTUTrLE,P,C 
a SCARBOROUGH STATION 

C r SCARBOROUGH, NEW YORK 10510-0827 

j 

I Sereby declare that all statements made herein of my own knowledge are true and that all 
Sitements made on information and belief are believed to be true; and further that these 
kktements were made with the knowledge that wilUuI false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
ftkted States Code and that such vwHfid false statements may jeopardize the validity of the 
Implication or any patent issued thereon. 


WMl name of sole or firstflnventor MarkCANNQH 



->Inventor*s signature ^ -^Dat e^-^ Septembe r 1999 

Residence: Ebinger Str. 26c. D*76139 Karlsmhe, GERMANY 
Citizenship: United States 

I>ost Office Address: Ebinger Str. 26c, D-76139 Karlsruhe, GERMANY 


